Abstract-Quantum well composition intermixing is a thermal induced interdiffusion of the constituent atoms through the hetero-interface. The intermixed structures created by both impurity induced and impurity-fiee vacancy promoted processes have recently attracted high attention. In recent years, blue green LED and laser of 111-nitride semiconductors have attracted a large amount of interest. This is mainly due to its large bandgap range from 1.89eV (wurtzite InN) to 3.44eV (wurtzite GaN). InGaN/GaN single quantum well structures have been used to achieve high lumens blue and green light emitting diodes. In this paper, we will present the band structure of strained InGaN/GaN single quantum well under the influence of interdiffusion. Band structure is a fundamental aspect in determining the electronic and optical properties of the materials such as optical gain, refractive index, absorption, etc.
I. JNTRODUCTION
Short wavelength semiconductor lasers are very important for high-density optical storage applications.
Wide-bandgap semiconductors including GaN, AlN, InN and their ternary compounds have been studied for the realization of semiconductor blue-green laser. The demonstration of high-brightness blue-green lightemitting diodes from the wurtzite GaN semiconductor has stimulated a lot of research on the fabrication of blue-green laser diodes using nitride-based semiconductors [ 1 1. InGaN/GaN single-quantum-well structures have been used to achieve high-power blue and green light-emitting diodes [2] . Room temperature pulsed lasing of a strained InGaN/GaN multiquantumwell laser diode has recently been demonstrated [3] . The nature crystal structure of most of the group I11 nitrides is wurtzite. Strain is also present in most of the group I11 nitrides because of the lack of substrate materials with a matched lattice constant and thermal expansion coefficient. Fundamental studies of the effects of strain on wurtzite band structure play an important role in understanding the electronic and optical properties of GaN-based optoelectronic materials and devices.
II. THEORETICAL MODEL
This paper presents a theoretical study of the effects of interdiffision in a InGaN/GaN single QW structure. The effects of interdiffusion on the strains, the splitting of the heavy-hole (HH), light-hole (LH), and the crystal-field split-hole (CH) subbands and their dispersion, are calculated theoretically based on the Hamiltonian derived using the multi-band k.p model. The Hamiltonian is actually a set of coupled !inear differential equations for the envelope functions, which can also be solved using the finite-difference approximation and the Hamiltonian is derived by Chuang and Chang using the k-p methed [4] .
QW composition intermixing is a thermal induced interdiffusion of the constituent atoms through the hetero-interface. The interdiffused structures created by both impurity induced and impurity-free vacancy promoted processes have recently attracted high attention [5-71. The interdiffusion mechanism can be a single-phase diffusion for two constituent atoms or it can be two or multiple phases andor for multiple species. In InGaN/GaN QW structures only the interdiffusion of group-111 atoms occurs, i.e. In and Ga atoms, since there is no N concentration gradient across the interface. The diffusion of group I11 atoms in the QW structure is usually described by the Fick's law with constant diffusion coefficients in both the well and barrier layers. The composition profile after interdiffusion is characterized by a diffusion length Ld, which is defined as Ld=d(Dt) , where D is the diffusion coefficient and t is the annealing time of thermal processing. The In mole fraction across the InGaN/GaN QW structure after interdiffusion is given by:
where z denotes the co-ordinate along the crystal growth direction, L, is the as-grown well width, ~0 is the asgrown In mole &action. 1 C33 (10" dyn cm-2) I 39.2
III. RESULTS AND DISCUSSION
The strain of InGaN/GaN QW is compressive in nature. The strain exists will push the valence subbands downwards. Therefore, it was shown on Table 2 (we assumed the exciton level to be 28meV).
Table2: Comparison of experimental results with our works at room temperature For as-grow well with Lw=50Aand ~0 . 1 6 (Fig. l) , it was found that there is a strong coupling of LH1 andl HH2 at region k, greater than 0.03A-' and coupling of HH2 and LH2 in region where k, greater than 0.05A-I. It was also found that HH1 was quite parabolic in shape. Besides, higher order subbands and subbands in regions where k, is large enough are parabolic in shape.
In Fig. 3 , the potential profile of HH, LH and CH for Lw=50A are shown. It was found that for asgrown well Ld=OA , the potential profiles are similar to SQW. For Ld=lo and 50A, the potential profiles are determined by error function and the distribution of In mole fraction is also determined by error function with maximum In mole fraction in the middle of the well. For Ld=50A may be due to larger diffusion coefficient or diffusion time or both. This contributes to a potential well for the confinement of cai-rier to increase the efficiency of radiation. For InN, it is more soft compared with A N , it is possible to achieve interdiffusion of In atoms. The increase in the In mole fraction, the deeper will be the potential profiles. With the increase of diffusion length of InGaN/GaN QW for Fig. 1, Fig. 4 and 5 with same subband structure order as Fig. 1 , we found that the energy dispersion of valence subbands shifts downward with increase in diffusion length and smooth out. In Ld=oA and lOA, they have similar valence subbands dispersion and more parabolic in shape. Besides, the coupling between LHl and HH2 still exists but weakens a little bit at region k, greater than 0.04A and the coupling between HH2 and LH2 diminished significantly. For Ld=50A, the energy dispersion of valence subbands approaches the bulk band structure and more parabolic in shape and shifts further downwards. The coupling between LH1 and HH2 at around zone centre and a weak coupling between HH2 and LH2 at around kt= 0.03A" and strong coupling between CH1 and HH3 at around kt=0.04A9".
For as-grown well with Lw=80A and x=0.09, the potential profile of HH, LH and CH are similar to that with Lw=50A and was shown on Fig. 6. From Fig. 2 , it was foimd that there is a strong coupling of LH1 and HH2 at zone centre and coupling of HH2 and LH2 in region where k, greater than 0.03A-'. It was also found that HH1 was quite parabolic in shape. Besides, higher order subbands and subbands in regions where kt is large enough are parabolic in shape. With the increase of difhsion length of InGaN/GaN QW for Lw=80A from Ld=OA though 1oA to 50A as shown in Fig. 2, Fig. 7 and 8 with same subband structure order as Fig. 2, we Lw=50A from Ld=OA through 10A to 50A as shown in found that the energy dispersion of valence subbands shifts downward with increase in diffusion length and smooth out. In Ld=OA and lo& they have similar valence subbands dispersion and more parabolic in shape. Besides, the coupling between LH1 and HH2 still exists but weakens a little bit at region kt greater than 0.03A" and the coupling between HH2 and LH2 at region where k, greater than 0.04A-'. For Ld=50A, the energy dispersion of valence subbands approaches the bulk band structure and more parabolic in shape and shifts further downwards. The coupling between LH1 and HH2 weaken at around zone centre and coupling between HH2 and LH2 at around k,= 0.035A-I and strong coupling between CH1 and HH3 at around k,=O. 04&'.
N. CONCLUSIONS
We have presented a detailed study of the interdiffusion electronic band structures of WZInGaN/GaN and compared with SQW. Our calculation is based on the effective mass Hamiltonian derived using the k.p method by finite difference method. As interdiffusion proceeds, the valence band dispersion approaches parabolic in shape with similar band structure with small diffusion length but large difference with large diffusion length, which is due to the modification of the well shape, i.e., depth and width, in terms of a crossover point. A depth-dependent well width is discussed and a cutoff scheme is introduced to distinguish between the bound and unbound states. The envelope wave functions were found to be more spread out with the probability away from the well centre increasing as Ld increases 
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